In 35 patients fulfilling the criteria of systemic inflammatory response syndrome (SIRS) of infectious origin, tumor necrosis factor-␣ (TNF-␣ ), interleukin-6 (IL-6), tumor necrosis factor-soluble receptor (TNF-sR), and interleukin-12 (IL-12), C-reactive protein (CRP) levels and the Acute Physiology, And Chronic Health Evaluation III score (APACHE III) were determined on days 1 to 7, 14, 21, and 28. The Mortality Probability Models (MPM) II sepsis score was assessed at the time of admission into the study. The MPM II sepsis score correlated with IL-6 plasma levels on day 1. The APACHE III scores correlated with plasma levels of TNF-sR on days 2-7, with IL-6 levels on days 3-7, and with CRP levels on days 4-7 (p Ͻ 0.01). The MPM II sepsis score, the APACHE III score, and the IL-6, TNF-sR, and CRP levels were significantly different between survivors and nonsurvivors and between patients with and without shock (p Ͻ 0.05). A significant decrease of the APACHE III scores, IL-6, and CRP levels was observed over the study period in the survivor group only (p Ͻ 0.05), while neither the dynamics of TNF-␣ nor IL-12 plasma levels contributed to the risk estimation of mortality. Presterl E, Staudinger T, Pettermann M, Lassnigg A, Burgmann H, Winkler S, Frass M, Graninger W. Cytokine profile and correlation to the APACHE III and MPM II scores in patients with sepsis.
TABLE 1 PATIENTS' DISEASES, PATHOGENS, AND ANTIBIOTIC TREATMENT (EMPIRIC OR ADJUSTED TO THE ISOLATED PATHOGEN)
Patients were not eligible for the study if they were under 18 yr of age; if they had a rapidly progressive underlying disease with a general life expectation of at most 3 mo (including AIDS); liver cirrhosis; burns involving Ͼ 20% of the body surface area; uncontrolled hemorrhage; cardiogenic shock; granulocytopenia ( Ͻ 1 G/L); antineoplastic chemotherapy within 7 d before inclusion into the study; preceding elective surgery; or treatment with any anticytokine drug. All patients included were not enrolled in any other clinical study or sepsis trial.
Standard supportive care, surgical procedures (drainage of abscesses, removal of an infected foreign body, etc.), as well as broad spectrum antibiotics were provided to all patients. Pneumonia was diagnosed if infiltrations were present on the chest X-ray, and, if possible, a positive culture from purulent sputum or bronchial fluid could be obtained. Abscesses were diagnosed by sonography or by CT-scan, together with growth of a pathogenic bacteria from aspirated pus. Urinary tract infections were diagnosed by the evidence of leucocyturia, hematuria and growth of a pathogen in midstream urine culture. Meningitis was diagnosed by the evidence of high numbers of leucocytes and the growth of bacteria in the cerebrospinal fluid. Endocarditis was diagnosed when the echocardiography revealed valvular vegetations, and blood cultures were repeatedly positive. Osteomyelitis was diagnosed by the radiological evidence of osteomyelitic destruction of the bone, a positive bone scintigraphy and the growth of bacteria from pus or a bone biopsy.
Cytokine Measurement
Blood for cytokine measurement was drawn on days 1-7, 14, 21, and 28 after inclusion to the study. All plasma samples were collected in Vacutainer ® tubes (Becton Dickinson, Rutherford, NJ) containing EDTA. Samples were centrifuged at 3,000 g at 4 Њ C for 10 min. Plasma samples were then stored at Ϫ 70 Њ C.
Plasma concentrations of TNF-␣ were determined by using an enzyme-linked immunosorbent assay (ELISA) with a sensitivity of 5 pg/ mL (Quantikine; R&D Systems, Minneapolis, MN). Briefly, a monoclonal antibody specific for TNF-␣ is coated onto a microtiter plate. Standards (0.2 mL) and samples (0.2 mL) were pipetted into the wells, and any TNF-␣ present was bound by the immobilized antibody. After washing, an enzyme-linked polyclonal antibody specific for TNF-␣ was added to the wells to "sandwich" the TNF-␣ immobilized. A substrate solution was added. The color development is stopped and the intensity of the color is measured with an automatic reader at 450 nm wave length. Standards of recombinant TNF-␣ were used in a concentration of 15.6 to 1,000 pg/mL. Plasma concentrations of IL-6 and IL-12 were determined by solid phase ELISA (Quantikine, R&D Systems) similar to the TNF-␣ assay. The sensitivity of the test was 0.7 pg/mL for IL-6 and 0.5 pg/mL for IL-12.
Plasma concentrations of soluble TNF-receptor (TNF-sR, 60 kDA) was determined by an enzyme-linked immunosorbent assay (Bender MedSystems, Vienna, Austria). Similar to the other tests a monoclonal antibody specific for the 55 kDa protein of the s-TNF-R was used. The sensitivity was 0.08 ng/ml.
APACHE III and MPM II Sepsis Score
The Acute Physiology and Chronic Health Evaluation APACHE III score was assessed daily by using the worst clinical parameters (7). The APACHE III score was calculated by a computer using the Statistical Analysis Software (Cary, NC).
The Mortality Probability Model (MPM) II customized for sepsis (14) was retrospectively assessed for the time of inclusion into the study. The MPM II includes the length of stay at the ICU, and has been developed so far for the assessment at 0, 24, 48, and 72 h after admission to the ICU. Thus, the MPM II 24 was assessed in 16 patients, the MPM II 48 in seven and the MPM II 72 in four patients. The other patients had been admitted to the ICU longer than 72 h before developing sepsis.
Statistical Analysis
All statistical analysis was done with the Statistical Analysis Software (Cary, NC). Wilcoxon's rank-sum test was used for comparing two groups (survivors-nonsurvivors; bacteremic-nonbacteremic) on day 1-28. The repeated measures ANOVA (General Linear Models Procedure by SAS) was used to compare the change of plasma cytokine levels and the APACHE III from day 1 to day 28. The Spearman's rank correlation was used to define a correlation between APACHE III and the plasma cytokine levels, and among the cytokine levels. The levels of significance were set at p Ͻ 0.05 for the ANOVA and the comparisons between groups, and at p Ͻ 0.01 for the correlation coefficient.
RESULTS

Demography
Thirty-five patients (22 men, 13 women) were included into the study. The mean age was 52 years (range 19-83 yr), the mean body weight 82 kg (range 52-130 kg), and the mean height 1.72 m (range 1.55-1.86 m). The mean duration of the hospitalization prior to study entry was 2.5 days (range 0-11 days). Chronic underlying diseases were found in 24 patients; heart failure (n ϭ 7), coronary heart disease (n ϭ 4), chronic obstructive pulmonary disease (n ϭ 3), diabetes mellitus (n ϭ 8) for mean 4 yr, and neoplastic malignancies (n ϭ 2). All patients fulfilled the inclusion criteria of sepsis. Twenty patients were in septic shock and showed signs of organ dysfunction: Respiratory failure requiring mechanical ventilation (n ϭ 9), acute cerebral coma (n ϭ 3), acute renal failure requiring dialysis or hemofiltration (n ϭ 4), hepatic failure (n ϭ 3), and dis- (n ϭ 1) . In 24 patients a defined focus of infection could be found: pneumonia (n ϭ 12), pyelonephritis (n ϭ 5), osteomyelitis (n ϭ 3), meningitis (n ϭ 2), endocarditis (n ϭ 1), mediastinitis (n ϭ 1), and wound infection (n ϭ 1). Eight patients had bacteremia without evident focus. Pathogens and infection sites are listed in Table 1 . Patients in whom the causative pathogens could be identified (n ϭ 33), received antibiotic treatment appropriate to the susceptibility pattern of the organisms. The daily dose was adjusted to renal function, if necessary. Sixteen patients died within the first 14 d.
Correlation of TNF-sR, CRP, TNF-␣ , IL-6, and the APACHE III Score (n ϭ 35)
The initially assessed MPM II sepsis score correlated with IL-6 plasma levels (p Ͻ 0.01) and TNF-sR (p Ͻ 0.03) on day 1. APACHE III scores did not correlate with TNF-sR, IL-6, and CRP on day 1. The correlation between daily assessed cytokines and corresponding APACHE III scores started on day 2, and was persistent for several days, as shown in Table 2 . APACHE III and MPM II sepsis scores, CRP-and cytokine plasma levels did not differ significantly between both groups, nor did they change from day 1 to day 28 (Table 3) . IL-12 levels were negative in all patients except for one in whom Staphylococcus aureus was isolated from multiple blood cultures, and who died on day 6.
Survivors (n ϭ 19) Versus Nonsurvivors (n ϭ 16)
MPM II sepsis score, APACHE III score, CRP-, TNF-␣, IL-6, and TNF-sR plasma levels of both groups are summarized in Table 4 . The MPM II sepsis scores and the APACHE III scores were significantly higher in nonsurvivors at the time.
The area under the curve of the APACHE III scores were also significantly greater in nonsurvivors (p Ͻ 0.01). Cytokines and CRP levels were higher in nonsurvivors in a time-dependent fashion: IL-6 and TNF-sR levels differed significantly from day 2 to day 7, the CRP levels from day 4 to day 7, and all three were different on day 14. The APACHE III scores and plasma concentrations of IL-6 and CRP decreased steadily from day 1 to day 7, 14, 21, and 28 in the survivor group. There was no significant change in the TNF-␣ and TNF-sR levels. In the nonsurvivor group, cytokine levels, plasma CRP, or APACHE III scores did not change throughout the study period. Figure 1a -e shows the cytokine levels and the APACHE III scores (median and range) on days 1, 4, and 7.
Patients with Septic Shock (n ϭ 20) Versus Patients without Septic Shock (n ϭ 15)
Six of nine patients without bacteremia and five of eleven patients with bacteremia had septic shock from the beginning of the study. Septic shock occurred more frequently in the nonsurvivor group (16 of 16 patients) than in the survivor group (4 of 19 patients). The differences of APACHE III score, CRP-, TNF-␣, IL-6, and TNF-sR plasma levels between both groups are presented in Table 5 . APACHE III scores of the patients with septic shock were significantly higher at any time compared with those of patients without shock. The area under the curve of the APACHE III scores was also significantly higher (p Ͻ 0.01). In patients with shock, IL-6 levels were sig- nificantly increased from day 1 to day 7, TNF-sR from day 1 to day 4, and the CRP levels from day 3 to day 7.
DISCUSSION
In this study, two clinical scoring systems, the MPM II sepsis score and the APACHE III score, correlated with plasma levels of IL-6, TNF-sR, and the C-reactive protein at different times over the course of sepsis. The MPM II sepsis score correlated with IL-6 levels on day 1, but the APACHE III score did not. The APACHE III scores correlated with TNF-sR levels on days 2-7, with IL-6 levels on days 3-7, and with CRP levels on days 4-7 (p Ͻ 0.01). Nonsurvivors had significantly higher MPM II and APACHE III scores at any time. Compared with survivors, nonsurvivors had significantly higher IL-6 and TNF-sR concentrations from day 2 to day 7, and CRP levels from day 3 on. Compared with patients without septic shock, the IL-6 and TNF-sR levels of patients with septic shock were always significantly higher beginning on day 1. A difference in plasma CRP levels was only observed from day 3 on. The MPM II and APACHE III scores were significantly different between the patients with septic shock and those without. Between patients with bacteremia and patients without bacteremia, no significant difference of cytokine and CRP levels, or any scoring system was observed. TNF-␣, IL-6, and interferon-␥ play a pivotal role in sepsis and septic shock (15) . Serum levels of TNF-␣ and IL-6 were elevated, although variable, in patients with Gram-negative bacteremia or septic shock (16, 17) . An association of serum TNF-␣ levels and mortality was observed in patients with septic shock of meningococcal origin (18) . TNF-␣ levels were increased in patients with fatal outcome, and correlated inversely with survival (19) . In another study, IL-6 levels carried a similar relation to mortality (20) . Persistent elevation of TNF-␣ levels after 12 h in patients with multiple organ failure suggested a relationship between TNF-␣ levels and organ dysfunction, although TNF-␣ plasma levels were not considered a good predictor of mortality (21) . Neither TNF-␣ nor IL-6 were regarded specific for infection, but increased serum concentrations of TNF-␣ and IL-6 were found in patients with septic shock compared with patients with non-septic shock (22, 23) . Persistently increased IL-6 plasma levels rather than peak values were considered predictive for poor outcome in patients with septic shock (23) . Increased IL-6 levels in patients with sepsis and septic shock correlated with severity of shock (24) . The authors suggested that monitoring IL-6 levels could be a predictor of mortality because IL-6 levels correlated best with outcome. A significant correlation of initial serum levels of TNF-␣, IL-6, and other cytokines and the APACHE II scores in 13 patients with meningococcal and pneumococcal septic shock was reported by Gardlund and colleagues (25) . In the present study, TNF-␣ did not correlate with any scoring system. This may be due to the fact that TNF-␣ is produced locally, and plasma concentrations do not reflect the paracrine activity of this cytokine (26) . IL-6, however, correlated with the MPM II sepsis score on day 1, and with the APACHE III score beginning on day 2. A possible explanation is that the MPM II was adjusted to patients with sepsis and the length of ICU admission. A persistent correlation between IL-6 and the MPM II sepsis score during the course of sepsis would be of interest, but so far, the MPM II sepsis score is only applicable for evaluation during the first 4 d after admission to the ICU.
Increased TNF-sR levels were found to indicate poor outcome in patients with meningococcemia and in cancer patients with febrile neutropenia (27, 28) . TNF-sR correlated with the APACHE II score in 12 critically ill patients, and a persistent evaluation was considered to be predictive for an adverse outcome in few patients (29) . TNF-sR had also been found to be increased in patients with cytomegalovirus-pneumonitis after lung transplantation when compared with transplant patients experiencing rejection or to healthy transplant patients (30) .
TABLE 4 CYTOKINE LEVELS AND APACHE III SCORE OF NONSURVIVORS AND SURVIVORS FROM DAYS 1-28, MEDIAN (RANGE)
In the present study, TNF-sR was significantly higher in patients with septic shock compared with those without. TNF-sR levels were significantly higher in nonsurvivors than in survivors, but only starting on day 2, which could be explained as the response to the high TNF-␣ concentrations locally produced. Plasma levels of TNF-␣, however, were not increased. TNF-sR plasma levels are more easily measurable because of the longer half-life of TNF-sR compared with TNF-␣. TNF-sR might therefore be used as an indicator of the TNF-␣ production, and hence as a parameter to quantify inflammatory response. A significant correlation between the APACHE II score and TNF-sR plasma levels was found by Kern and coworkers (28). In our study, TNF-sR levels correlated with APACHE III scores starting on Day 2. In contrast to IL-6, TNF-sR levels did not correlate to the MPM II sepsis scores on Day 1. Thus, IL-6 seems to be the better parameter for assessment of severity of sepsis, as it is produced as early as 2-4 h after initiation of the inflammatory response (31) .
IL-12 stimulates interferon-␥ production, which is a mediator of endotoxin and TNF-␣ effects in experimental sepsis (32, 33) . Heinzel and coworkers detected peak levels of IL-12 within 2 to 4 h after endotoxin injection (34) , thus IL-12 plasma levels should be increased in patients with septicemia. However, in the present study, IL-12 could not be measured in most of the patients.
The APACHE III score was reported to be more predic- tive for mortality than plasma levels of TNF-␣, interleukin-1␤, IL-6, and IL-8 so far, a persistent correlation between the APACHE III and cytokine concentration was not observed in a nonhomogeneous ICU patient population (35) . In our study, correlations between the APACHE III score and MPM II sepsis score, and plasma levels of IL-6, TNF-sR and CRP were observed: IL-6 levels correlated with the MPM II customized for sepsis on day 1. Beginning on day 2, the APACHE III score correlated with TNF-sR, and then with IL-6 and CRP plasma levels beginning on days 3 and 4, respectively. Both scoring systems as well as the plasma IL-6 and CRP levels were significantly higher in the nonsurvivors compared with the survivors. Now that reliable laboratory tests for cytokines become more and more available and less costly, IL-6 and CRP should be included into the assessment models of outcome prediction in patents with sepsis, either associated to or included into a clinical scoring system. Further, this new scoring system should be applicable repeatedly like the APACHE III score, and adapted for sepsis and the length of ICU admission like the MPM II score.
